Introduction {#sec1-1}
============

The approach to management of malignant bone tumors has evolved tremendously in recent years. Previously, surgery was the only treatment option. Nowadays, chemotherapy has become the first - line therapy because of its beneficial local and systemic effects.\[[@ref1][@ref2][@ref3]\] With the advent of preoperative chemotherapy, long - term survival has improved from 20 to 70%.\[[@ref4][@ref5]\] However, response to chemotherapy regimen is not uniform.

To date, histological assessment of tumor necrosis on the resected tumor specimens has been the gold standard method of assessing response to preoperative chemotherapy.\[[@ref2][@ref6][@ref7][@ref8]\] With the effect of chemotherapy, tumor demonstrates large area of necrosis marked with sparsely fibrillar and calcified stromal cells, tumor bone with empty "turtle shells" of tumor osteoid, with few viable osteocytes in the lacunae or empty lacunae.\[[@ref6]\] With modern therapy, 45% of the patients have shown more than 90% necrosis.\[[@ref9]\] Percentage of tumor necrosis is also the most important prognostic factor for both disease - free survival and recurrence. Good responders to chemotherapy have better disease - free survival rates and can be treated with limb salvage surgery with low risk of recurrence. But poor responders should be treated aggressively with radical surgery and a changed postoperative chemotherapy regimen.\[[@ref2][@ref4][@ref10]\]

Early information regarding tumor response to initial chemotherapy cycles will help tailoring subsequent treatment to achieve better control of the tumor.\[[@ref3][@ref5]\] Many imaging techniques like conventional radiography, computed tomography (CT) scan, angiography, bone scintigraphy, magnetic resonance imaging (MRI) scan, and positron emission tomography (PET) scan have been evaluated for predicting tumor response preoperatively.\[[@ref11][@ref12][@ref13][@ref14][@ref15]\] MR imaging in various forms like static, contrast-enhanced, diffusion-weighted, dynamic contrast-enhanced with or without pharmacokinetic modeling of bone sarcomas has been applied to the study of musculoskeletal tumors with encouraging results.\[[@ref3][@ref10][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23]\]

Dynamic contrast-enhanced MRI studies the kinetics of distribution of paramagnetic contrast in the micro vessels and the interstitial space of tissues.\[[@ref18]\] It detects impaired viability by detecting disappearance of tumor vascularity using the slope value of signal intensity--time curve.\[[@ref19]\] The role of dynamic MRI in assessing response to preoperative chemotherapy is well documented. Compared to dynamic MRI, in literature, there has not been common consensus about reliability of volumetric assessment by static MRI. Though few studies have reported its significant role in predicting histological response, many studies have given an equivocal report.\[[@ref13][@ref24]\] Although increase in tumor volume correlates well with the poor histological response, reduced or stable tumor volume does not guarantee a good response.\[[@ref14][@ref25][@ref26]\]

Hence, we undertook this exercise to investigate the role of both volumetric and dynamic studies, by static and dynamic MRI scan, respectively, in assessment of the tumor response to preoperative chemotherapy. The results were correlated with histological necrosis.

Materials and Methods {#sec1-2}
=====================

This was a prospective case study done at our hospital between September 2008 and August 2010, after obtaining approval from institute review board.

Patients {#sec2-1}
--------

Twenty-five patients of bone sarcoma with a mean age of 21.8 years (range 12-40 years) were included in this study after taking informed consent from them or their parents (for patients of age \<18 years). Diagnoses were confirmed with core or open biopsy. Out of 25 patients, 11 patients were excluded from the study, which included six patients of Ewing\'s sarcoma with widespread disease, not amenable to surgical treatment. They were primarily treated with chemotherapy and radiotherapy. Among the other five patients who were excluded from the study, two patients had parosteal variety of osteosarcoma, one patient had already received one cycle of chemotherapy, one patient had metallic implant, and one patient could not complete three cycles due to the development of ulcer over the tumor mass. Finally, 14 patients formed the study group; 10 were male and 4 were female patients. Twelve patients had osteosarcoma and two patients had malignant fibrous histiocytoma (MFH). Histological subtypes were conventional osteosarcoma in 10 patients and telangiectatic osteosarcoma in 2 patients. The tumors were located in femur in nine patients, tibia in three patients, humerus in one patient, and scapula in one patient. Bone was involved over left side in nine and right side in five patients. This study included 1 intracompartmental and 13 extracompartmental tumor, as per Enneking\'s criteria. Six patients had chest metastasis at the time of inclusion in the study.

The treatment protocol for each patient was decided in tumor board meeting, by a team of specialists which included orthopedic surgeon, medical oncologist, radiotherapist, and pathologist. Patients were started on chemotherapy consisting of three drugs -- cisplatin \[100 mg/m^2^ body surface area (BSA) in three divided doses over 3 days\], adriamycin (50 mg/m^2^ BSA single dose), and ifosfamide (1.5 g/m^2^ BSA daily for 3 days). Three to four cycles of preoperative chemotherapy were given at 3 weeks interval. We did not add methotrexate to the chemotherapy regimen due to lack of monitoring facility.

MRI evaluation {#sec2-2}
--------------

After inclusion, static MRI followed by dynamic study was performed in all 14 patients. It was done before starting chemotherapy and again repeated before surgical resection. MRI study was performed with 1.5 T magnet (Siemens, TIM technology, Avanto, Germany). Static MRI was performed first in coronal, sagittal, and axial planes. Both T1-weighted image (spin echo, TR/TE = 500 ms/12 ms, number of excitation 1) and T2-weighted images (fast spin echo, TR/TE = 3500-4000 ms/120 ms, 180° flip angle, 120 kHz band width, 15 turbo factor, number of excitations 2) were obtained with slice thickness 5 mm, interslice gap 0.5 mm, 340 mm field of view (FOV), and 512 × 256 image matrixes. Dynamic study included six sequences. First baseline sequence was taken in axial plane. Immediately after the first sequence, bolus injection of gadolinium diethylene (0.1 mmol/kg) was administered intravenously within a period of 15 s. It was followed by five fast low angle shot (FLASH) sequences without pause, for a total of 6 min (acquisition time of 72 s per sequence). Acquisition parameters for FLASH sequences included echo delay time of 1.45 ms, T1W1 (TR/TE = 4.27/1.45), 0.9 × 0.8 × 0.9 mm voxel size, 358 × 448 image matrixes, 6° flip angle, 340 mm FOV, 45-65 number of slices with 0.9 mm slice thickness, and use of surface coil and spine matrix coil.

Tumor height, width, and depth were measured from the axial, sagittal, and coronal images in the static MRI. Then, tumor volume was calculated using the formula for ellipsoid mass "V = π/6 × height × width × depth." Tumor volume ratio (tumor volume after treatment divided by tumor volume before treatment) was calculated. Changes in tumor volume were classified as increased (ratio \> 1.05), stable (ratio between 0.95 and 1.05), or decreased (ratio \< 0.95). Decreased or stable tumor volume indicated good response to chemotherapy.\[[@ref24]\]

In a software program for dynamic analysis, all dynamic sequences were loaded. Imaging plane was selected representing largest area of the tumor. Due to heterogeneity in enhancement, three circular regions of interest of around 1 cm diameter were selected in the areas of maximum enhancement. Signal intensity was measured and plotted against time in a graph. In all three regions of interest, slope of the curve (percentage increase in signal intensity per minute over the baseline value) was calculated using the equation "slope (%/minute) = (SI~max~ -- SI~prior~) × 100/(SI~prior~ × T~max~)." SI~prior~ is the baseline signal intensity before contrast, SI~max~ is signal intensity at T~max~, and T~max~ is the time point at which SI/SI~prior~ increased by at least 3% from image to image.\[[@ref19]\] Average of three slope values was considered as the final pre-chemotherapy dynamic MRI slope value. Again, in post-chemotherapy dynamic MR image, three regions of similar size were selected in exactly the same areas as visualized in pre-chemotherapy image and the slope was calculated. Slope values obtained before chemotherapy were compared with the values after chemotherapy and the difference was calculated. More than 60% reduction in slope value after chemotherapy was considered as good response.\[[@ref19]\]

Histological evaluation {#sec2-3}
-----------------------

After completion of preoperative chemotherapy, patients were taken for surgery with a mean time interval of 25 days between chemotherapy and surgery. Twelve patients were operated with limb salvage surgery \[nine tumor resection, extracorporeal irradiation and reconstruction (ECIR); two tumor resection and reconstruction with custom-made megaprosthesis (CMP); and one resection of scapula\]. Amputation was performed in two patients (one transfemoral amputation and one forequarter amputation). After surgical resection of the tumor, the specimens were sent to pathology laboratory and were evaluated histologically. Each specimen was placed in formalin and then sliced coronally or axially at its largest cross section. Five-millimeter-thick slice was prepared which was cut into multiple tissue bits of 5-10 mm length and 5-10 mm breadth. The tissue bits were decalcified and processed further using xylene, alcohol, and formalin. Subsequently, the bits were embedded in paraffin. After embedding, 3.5-4 mm thin sections were cut, mounted, stained with hematoxylin and eosin stain, and then viewed under microscope for necrosis and viable tumor cells.

Percentage area of necrosis was calculated in each slide and summed up to give percentage necrosis of the whole tumor. Tumor necrosis was scored according to Huvos grading (grade I, less than 50% necrosis; grade II, 50-90% necrosis; grade III, more than 90% necrosis with some foci of viable tumor cells; and grade IV, 100% necrosis with no viable tumor cells). At least 90% necrosis (grades III and IV) was considered as good response to preoperative chemotherapy.\[[@ref6]\] Based on this histological response of the tumor, patients were divided into two groups, i.e. good responders and poor responders. Those with \>90% necrosis (grades III and IV) were considered as good responders and those with \<90% necrosis were considered as poor responders.

Statistical analysis {#sec2-4}
--------------------

The overall degree of relationship between the change in radiological parameters and histological necrosis was assessed by means of Pearson\'s correlation analysis using correlation coefficient, *R~p~*. The criterion for statistical significance with a two-tailed test was chosen at a *P* value of less than 0.05. Both the parameters were individually correlated with the histological response. Using the cut-off criteria for positive response, positive and negative predictive values were calculated. Statistical analysis was done using SPSS software for windows (version 16.0, SPSS Inc).

Results {#sec1-3}
=======

Histological evaluation of tumor necrosis {#sec2-5}
-----------------------------------------

Histological examination of the surgically resected specimens showed mean necrosis of 56%. The necrotic foci showed cellular degeneration with sparsely fibrillar, calcified stromal cells and empty tumor osteoid. Areas of fibrosis and hyalinization with inflammatory cell infiltrate were also seen. Considering necrosis of the tumor, according to Huvos grading, nine patients were poor responders (six grade I and three grade II) and five were good responders (three grade III and two grade IV). In two cases of poor response, there was no necrosis at all.

Tumor volume change {#sec2-6}
-------------------

Pre-chemotherapy tumor volume of all patients ranged from 70.73 to 4244.42 cm^3^ (mean 852.8 cm^3^). Following chemotherapy, increase in tumor volume (tumor volume ratio \>1.05) was seen in six poor responders (five Huvos grade I and one grade II necrosis) and one good responder (grade III necrosis). Reduction of volume (tumor volume ratio \<0.95) was seen in four good responders (two grade III and two grade IV necrosis) and three poor responders (one grade I and two grade II necrosis). None of the patients showed stable tumor volume. Among the five good responders, four patients showed 9.39-39.20% (59.8-761.85 cm^3^) decrease in volume and one patient showed 32.88% (207.15 cm^3^) increase in volume. Among the nine poor responders, the tumor volume increased by 6.47-76.62% (12.66-774.35 cm^3^) in six patients, while three patients experienced reduction by 9.91-36.13% (25.92-112.76 cm^3^).

No statistically significant correlation was found between change in tumor volume and histological response (*R~p~* = 0.496, *P* = 0.071) as depicted in [Figure 1](#F1){ref-type="fig"}. Predictive value of decreased tumor volume for a good response was 57.14% (four of seven patients), and predictive value of increased tumor volume for a poor response was 85.7% (six of seven patients). Sensitivity was 80% and specificity was 66.67%. We observed changes in all three dimensions of the tumor mass including longitudinal dimension (height of the tumor) in post-chemotherapy static MR imaging.

![Correlation of tumor volume change with histological necrosis](IJRI-25-269-g001){#F1}

Dynamic MRI slope {#sec2-7}
-----------------

The mean dynamic MRI slope value for all patients before chemotherapy was 41.53% per minute (range 15.33-67.09% per minute). Following preoperative chemotherapy, there was fall in slope values in 12 patients and increase in 2 patients. Post-chemotherapy mean slope value for five good responders was 15.52% per minute (range 11.27-22.7%) and for nine poor responders, it was 26.66% per minute (range 10.41-40.29%). There was reduction in slope value of an average of 67.55% of the pre-chemotherapy value in good responders and of 20.21% in poor responders. One responding patient showed less than 60% reduction in slope (55.97%) and one poor responder showed more than 60% reduction in slope (61.46%). These two patients were classified incorrectly, using criteria of 60% reduction in slope following chemotherapy. Figures [2A](#F2){ref-type="fig"}, [B](#F2){ref-type="fig"} and [3A](#F3){ref-type="fig"}, [B](#F3){ref-type="fig"} show dynamic MR images and signal intensity--time curves in a case with 50% necrosis, respectively, and Figures [4A](#F4){ref-type="fig"}, [B](#F4){ref-type="fig"}, and [5A](#F5){ref-type="fig"}, [B](#F5){ref-type="fig"} show the same in a case with no necrosis.

![(A and B): (A) Pre-chemotherapy dynamic MR image of osteosarcoma of distal femur in a 15-year-old girl showing greater enhancement (B) Post-chemotherapy dynamic MR image showing reduced enhancement following chemotherapy](IJRI-25-269-g002){#F2}

![(A) Pre-chemotherapy signal intensity--time curve \[signal intensity on the x-axis and time (minute) on the y-axis\] showing dynamic MRI slope value of 67.09% (B) Post-chemotherapy signal intensity--time curve \[signal intensity on the x-axis and time (minute) on the y-axis\] showing dynamic MRI slope value of 34.13% (49.13% reduction in slope value following chemotherapy)](IJRI-25-269-g003){#F3}

![(A) Pre-chemotherapy dynamic MR image of telangiectatic osteosarcoma of proximal tibia in a 15-year-old boy showing greater enhancement (B) Post-chemotherapy dynamic MR image showing reduced enhancement following chemotherapy](IJRI-25-269-g004){#F4}

![(A) Pre-chemotherapy signal intensity--time curve \[signal intensity on the x-axis and time (minute) on the y-axis\] showing dynamic MRI slope value of 36.7% (B) Post-chemotherapy signal intensity--time curve \[signal intensity on the x-axis and time (minute) on the y-axis\] showing dynamic MRI slope value of 21.9% (40.3% reduction in slope value following chemotherapy)](IJRI-25-269-g005){#F5}

Significant correlation was found between percentage change in slope and tumor necrosis (*R*~*p*~ = 0.894, *P* = 0.001) as depicted in [Figure 6](#F6){ref-type="fig"}. More than 60% reduction in slope was predictive of good response \[positive predictive value (PPV) =80%\], while less than 60% reduction was predictive of poor response \[negative predictive value (NPV) =88.89%\]. While pre-chemotherapy slope value did not correlate well with necrosis (*R*~*p*~ = 0.384, *P* = 0.175), post-chemotherapy slope value showed significant negative correlation with tumor necrosis (*R*~*p*~ = −0.706, *P* = 0.004).

![Correlation of change in dynamic MRI slope with histological necrosis](IJRI-25-269-g006){#F6}

[Table 1](#T1){ref-type="table"} shows the changes in tumor volume and dynamic MRI slope, and tumor necrosis in response to preoperative chemotherapy in patients in different Huvos grades.

###### 

Changes in static and dynamic MRI parameters (tumor volume and dynamic MRI slope) and histological necrosis in response to preoperative chemotherapy

![](IJRI-25-269-g007)

Discussion {#sec1-4}
==========

Reduction in the tumor volume occurs due to necrosis, decrease in the volume of normal supporting stroma, and resolution of inflammatory edema.\[[@ref25]\] Many studies have been done in the past to find out the usefulness of tumor volume measured by CT or MRI to predict histological response. As CT does not provide good contrast to show the distinction between extraosseous tumor and adjacent normal tissue, volume measurement may be inaccurate with CT.\[[@ref10]\] Few studies have found significant correlation between change in tumor volume assessed by MRI and histological necrosis.\[[@ref14][@ref21][@ref22][@ref26]\] Although, in our study, change in tumor volume showed trend toward correlation with necrosis (*R~p~* = 0.497), this correlation was not found to be significant (*P* = 0.071). These findings are supported by other studies which also failed to find a significant correlation.\[[@ref13][@ref24][@ref25]\]

Although changes in volume do not accurately reflect the extent of necrosis,\[[@ref19]\] increase in volume is associated with poor histological response and decrease in volume indicates good response.\[[@ref14][@ref25][@ref26]\] We also found increased tumor volume as a better predictor of poor response (NPV = 85.7%) but decreased tumor volume as a poor predictor of good response to chemotherapy (PPV = 57.14%).

All our patients, except one, had extracompartmental tumor, i.e., tumor spreading beyond well delineated surgical compartment of its origin.\[[@ref27]\] Review of literature shows that most of the changes occur in vascularity or in size of the extraosseous component of the tumor.\[[@ref19][@ref25]\] Fletcher *et al.*\[[@ref18]\] did not find any change in the intramedullary extent of the tumor, i.e. the longitudinal dimension. In contrast, in our study, we found changes occurring in all three dimensions of the tumor, including the intraosseous length.

In dynamic MRI, the pharmacokinetics of the intravenously injected gadolinium is studied. In this, the slope of signal intensity--time curve indirectly reflects the change in vascularity and, hence, the viability of the tumor. Slope value reflects the increase in signal intensity per unit time in a specific area of tumor, i.e. rate of uptake in the vascularized portion of the tumor. It shows steeper slope in the vascularized portion and gradual slope in the area of necrosis.\[[@ref19]\] Dynamic study by contrast-enhanced MRI detects impaired viability by detecting the disappearance of tumor vascularity with the effect of chemotherapy,\[[@ref19]\] indirectly by measuring reduction in slope values over consecutive MRI. It helps differentiating regions of necrosis, viable tumor, muscle, and blood vessels, as they display distinct signal intensity--time curves in dynamic images.\[[@ref17]\] It also helps differentiating extraosseous tumor, muscle infiltrated by the tumor, edematous muscle, and normal muscle.\[[@ref28]\] Recently, in a study by Guo *et al.*,\[[@ref29]\] they found significant correlation between histological response and the pharmacokinetic parameters of dynamic contrast -enhanced MRI. They also found its efficacy in prediction of event -free and overall survival of osteosarcoma patients.

Tumor viability is also indicated by rapid upward slope (greater than 30% per minute), early enhancement of areas within 6 s after arrival of the bolus in a feeding artery, and early wash in and wash out of the contrast agent. More gradual slopes are observed in areas of necrosis, cystic areas, edema, peritumoral inflammation, and paucicellular cartilaginous and myxoid regions.\[[@ref19][@ref30]\] The degree of devitalization varies in different parts of the tumor. Dynamic MRI has the advantage of correctly determining the area of viable tumor by showing different enhancement pattern and change in slope values.\[[@ref6][@ref19]\]

The prediction of histological response by dynamic MR imaging has proved to be very significant in our study. This is in accordance with the findings of other studies which establish its role in assessing necrosis in malignant bone tumor.\[[@ref18][@ref19]\] The cut-off criteria of \>60% reduction in the slope of Erlemann *et al.*\[[@ref19]\] could predict good histological response in 80% of our patients, while correctly predicting poor response in 88.89% of patients. Fletcher *et al.*\[[@ref18]\] had used post-chemotherapy slope value of 40% to classify responders. Slope value of less than 40% per minute after full course of neoadjuvant chemotherapy indicated good response to it. But in our study, all the patients showed less than 40% post-chemotherapy slope value, except one poor responder who showed more than 40% slope value.

The prime limitation of our study was its small sample size. Procedural errors in performing contrast MRI were minimized by consistency of the method of contrast injection, using the portal at peripheral site. Others factors like chemotherapy-induced cardiomyopathy and infection that could lead to relative change in uptake of contrast by tumor did not develop in any patient.

Conclusion {#sec1-5}
==========

The present study proves the efficacy of dynamic MRI as an accurate, quantitative, and noninvasive method of assessing response of malignant bone tumors to preoperative chemotherapy. It has the advantage of accurately localizing the sites of viable residual tumor following therapy. This study also indicates that although tumor volume change provides some information about the responding nature of the tumor, the volumetric assessment should not be trusted as an accurate method of evaluating tumor response to preoperative chemotherapy.
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